Woven fabrics are materials of a sophisticated structure. Basic structural parameters, the raw material, linear density of warp and weft yarn, number of yarn twist, warp and weft density, warp and weft crimp, as well as weave contribute to the obtained properties of the fabric. Certain basic parameters of the fabric can be controlled directly either during the preparatory processes or during the weaving process itself. There are some important structural parameters, however, for which no direct quantitative controls exist. Since all structural parameters are closely interdependent, the lack of direct control results in an imperfect control of the fabric structure. The subject of the investigation was how small variations in semi-worsted wool fabric constructional parameters influence the air permeability, and to which extent they can be controlled in the design process and weaving of fabrics. The experiment showed that yarn count, warp and weft density and warp and weft crimp are highly interrelated, leading to small variations in the fixed sett. The statistical significance of small variations in the groups of fabrics was confirmed by the analysis of variance. The analysis confirmed that there were no differences in mass, although all other structural parameters differed. Additionally, a post-hoc Bonferroni test showed that the structural parameters of the group of fabrics, which has a practically balanced structure, are always different to those of groups g2 and g3. Fabric alternations done on the same warp, in such a manner to achieve the same mass per square meter, showed that the change in weft yarn count and weft density influenced the fabric structure as a result of the crimp interchange. However, there was not a statistically significant difference among the three groups of fabrics when tested for air permeability.
Introduction
Woven fabrics are materials of a sophisticated structure. Basic structural parameters, the raw material, linear density of warp and weft yarn, number of yarn twist, warp and weft density, warp and weft crimp, as well as weave contribute to the obtained properties of the fabric. Certain basic parameters of the fabric can be controlled directly either during the preparatory processes or during the weaving process itself. There are some important structural parameters, however, for which no direct quantitative controls exist. Since all structural parameters are closely interdependent, the lack of direct control results in an imperfect control of the fabric structure. Furthermore, there are certain functions of the loom which, at first sight, do not seem to affect the fabric structure. However, closer examination shows important effects. Lastly, even some direct and simple controls of the fabric structure operate in a more complicated manner of what is apparent at first sight. It was noticed that the properties of fabrics with the same setting parameters, but weaved on various looms or in various companies were different [1] . Also, the implemented tension on warp and weft, even on the same loom, can differ during the weaving process, resulting in variation in the fabric structure. When the structure of the fabric is different, the properties are different, too. The investigations showed that the woven fabric structure influences air permeability, strength, elongation, etc. [2] [3] [4] . A number of authors [5] [6] [7] [8] have dealt with the possibility to predict the value of the air permeability of fabrics based on their structural parameters. In some applications, woven fabrics are used as filters or protective barriers whose function is to prevent the penetration into the human body of various micro particles or microorganisms. The elements of the structure which decide whether a woven fabric is capable of performing such a function are the inter-yarn pores, dependent on the weave and structural parameters of the fabric. These factors need to be pre-determined in the designing phase and realized in the weaving process [6, 7, 8] . The structure of a fabric is usually characterized by its porosity [8, 9, 10, 11] . The total porosity of woven fabrics usually comprises of two types of porosity, i.e., the micro porosity (or intra-yarn porosity) caused by the void spaces between fibers in yarns, and the macro porosity (or inter-yarn porosity) caused by the void spaces between yarns. Constructional parameters such as linear density of yarns, a sett of yarns, a type of weave and the production technology used can be combined in various ways. The structure of the fabrics made can be very similar or very different, but the permeability of two fabrics which have an apparently very similar structure may be very different. The fabric air permeability is mainly determined by its inter-yarn pores (their size, shape, texture, mutual arrangement, etc.). This issue has already been described in several papers. The air permeability of the fabric is also highly influenced by its type of weave. Any weave can be created using the four basic inter-yarn pores described by Backer [1] . Some authors, e.g. [9, 10, 11] describe the effect of the number and shape of these four pore cells in the air permeability of the fabric.
The aim of this paper is to observe how small variations in semi-worsted wool fabric constructional parameters influence the air permeability, and to which extent they can be controlled in the design process and weaving of fabrics.
Experimental

Sampling
Sampling is a quite subtle operation when woven fabrics are concerned. As looms do not provide a direct quantitative control of warp and weft crimp it is rather hard to avoid small variations in the sample properties. The samples were woven on the same Sulzer projectile loom. The warp density (ends) was kept constant (ge=22 cm -1 ), while three planned weft counts were used: Ttp1=21x2tex, Ttp2=25x2tex and Ttp3=32x2tex. Moreover, for every weft count three different weft densities (picks) were used; consequently, nine samples with, to some extent, different constructional parameters were obtained. The weave used was twill 2/2.The investigation was performed on grey fabrics. The samples were coded as in Table 1 . The structural parameters for the samples design were chosen to provide the samples with as much as possible uniform mass per square meter, as the fabric mass is the primary parameter in fabrics merchandising. 
Results and disscusion
Since air permeability is dependent on inter-yarn porosity, firstly the yarn parameters, i.e., yarn count and yarn twist were measured. The results are presented in Table 2 . Standard tolerable variation of wool yarn count is 2-3%. The most uniform yarn is Ttp1, as opposed to Ttp2 which has the highest variation. The yarn twist of Ttp1 is significantly higher compared to Ttp2 and Ttp3, making the former less voluminous. The variation in the yarn twist differs with the three yarns, which also influences their air permeability.
Structural parameters and properties of the obtained fabric samples, warp and weft density, warp and weft crimp, mass per unit area, thickness and air permeability were tested with standard methods. The results are presented in Table 3 .
During the sampling process, as yarn count was increased, the weft density was decreased in order to obtain the same mass per square meter for the samples. The obtained fabric mass was from 199.75 to 224.46g/m 2 , with the coefficient of variation 3.22%. The standard tolerable variation in woven fabric mass is up to 5%.
When fabrics were off the loom and relaxed from tensions, the fabric structural changes were analysed. Yarn count, warp and weft density and warp and weft crimp were highly interrelated leading to small variations in the fixed sett. The statistical significance of small variations in the groups of fabrics (g1, g2, g3) was confirmed by the analysis of variance (Table 4 ). The analysis confirmed that there were no differences in mass, although all other structural parameters differed. Additionally, a post-hoc Bonferroni test (Table4) was conducted. The post-hoc analysis showed that the structural parameters of the first group of fabrics, g1, which has a practically balanced structure, are always different from those of groups g2 and g3.
Firstly, the warp density was kept constant (ge=22cm -1 ), but the introduction of the coarser weft yarn into the fabrics resulted in a decrease in warp density.
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The difference in the warp density is negligible with the variation coefficient of 0.7%. The weft density, for every group of fabrics (g1, g2 and g3) was altered for one pick.
The obtained values slightly differed from the fixed sett.
The maximum difference of two wefts within the groups of fabrics (g1, g2, g3) showed the variation coefficient of 4.4%, 4.3% and 4.4% respectively. Although the mass of the fabrics is kept at the same value, the changes in warp and weft crimp, as a result of altering the input parameters, are noticeable from fabric thickness values. The first group of fabrics, g1, showed close values of warp and weft crimp and consequently the lowest thickness. The second and third group of fabrics, g2 and g3, with the coarser weft yarn used, showed the increased difference between warp and weft crimp leading to higher thickness. The Pearson's correlation coefficient between the difference of warp and weft crimp and fabric thickness is 0.97. Fabric alternations were done on the same warp, in such a manner to achieve the same mass per square meter and showed that the change in weft yarn count and weft density influenced the fabric structure as a result of crimp interchange in the fabrics. Warp crimp increased, while weft crimp decreased, leading to the increase in the fabric thickness. Table 3 . Samples structural parameters and properties Table 4 . ANOVA of samples structural parameters Further on, the influence of small changes in the fabric density on air permeability was analysed. Air permeability showed high correlation coefficients with weft density and mass per volume (Figures 1 and 2) . For the first group of fabrics g1, with the same yarn count for both systems of yarn, the coefficient of variation of air permeability is low -4.9%. The assumption is that a small difference of the weft density did not affect the air permeability. On the other hand, the introduction of the coarser weft yarn, declared as 50tex and 64tex and with around 100twist/m less, raised the value difference of air permeability. The coefficients of the variation of air permeability for the second (g2) and third (g3) group were 11.65% and 15.88%, respectively. Doubtless, a higher value for air permeability is mostly caused by greater micro-porosity of implemented weft yarns than from the change of the weft density. Unlike mass and thickness which showed low correlation with air permeability, mass per volume, which is a close indicator of porosity, had a high Pearson's correlation coefficient (-0.76) with air permeability. However, there was not a statistically significant difference among the three groups of fabrics when tested for air permeability (F=2.31, p=0.180). The constant obtained mass during the fabric production compensates for small structural differences in the fabric construction.
Conclusions
The experiment showed that yarn count, warp and weft density and warp and weft crimp are highly interrelated leading to small variations in the fixed sett. The statistical significance of small variations in the groups of fabrics (g1, g2, g3) was confirmed by the analysis of variance. The analysis confirmed that there were no differences in mass, although all other structural parameters differed. Additionally, a post-hoc Bonferroni test showed that the structural parameters of the first group of fabrics, g1, which has a practically balanced structure, are always different to those of groups g2 and g3.
Fabric alternations done on the same warp, in such a manner to achieve the same mass per square meter, showed that the change in weft yarn count and weft density influenced the fabric structure as a result of the crimp interchange. However, there was not a statistically significant difference among the three groups of fabrics when tested for air permeability.
